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[57] ABSTRACT 

An amplifying type solid-state imaging device having a 
transistor formed on a semiconductor base and a charge 

release portion Which stores a signal charge Which is gen 
erated by light incident on the transistor and outputs a 
change of an electrical signal in accordance With the stored 
charge. The transistor includes: a ?rst gate region including 
a portion for storing the signal charge therein and a ?rst gate 
electrode formed on the semiconductor base surface; and a 
source and a drain formed of impurity layers of a higher 
concentration than the semiconductor base concentration. 
The charge release portion includes: a second gate region 
including a portion in the vicinity of the semiconductor base 
surface, and a second gate electrode formed via an insulating 
?lm on the semiconductor base surface; and a drain for 
charge discharge formed of an impurity layer of a higher 
concentration than the semiconductor base concentration. 
The stored signal charge is released to the drain for charge 
discharge of the charge release portion. 

10 Claims, 17 Drawing Sheets 
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FIG. 6A During signal storage 
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FIG. 9A During signal storage 
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FIG. 1 1A During signal storage 
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FIG. 16A During signal storage 
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AMPLIFYING TYPE SOLID-STATE 
IMAGING DEVICE AND AMPLIFYING TYPE 

SOLID-STATE IMAGING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an amplifying type solid 
state imaging device and an amplifying type solid-state 
imaging apparatus including an amplifying type solid-state 
imaging device. More speci?cally, the present invention 
relates to a compact amplifying type solid-state imaging 
device capable of including an increased number of pixels, 
and an amplifying type solid-state imaging apparatus utiliZ 
ing such an amplifying type solid-state imaging device. 

2. Description of the Related Art 
Currently, the mainstream of the solid-state imaging appa 

ratus is a charge coupled device (hereinafter, referred to as 
CCD), Which is extensively utiliZed in a variety of ?elds. In 
the CCD type imaging apparatus, incident light is photo 
electrically converted in a photodiode or a MOS diode. A 
stored signal charge is transferred to a high sensitive charge 
release section via a CCD transfer channel, Whereby the 
signal charge is converted into a voltage signal. This results 
in a high S/N ratio and a large output voltage. 

In more recent years, a groWing demand exists for a 
compact imaging apparatus and an increase in the number of 
pixels. To meet the demand, the siZe of a pixel must be 
scaled doWn. When the siZe of the pixel is reduced, hoWever, 
the amount of charge Which the CCD can transfer is small 
resulting in a loWered dynamic range. Furthermore, the 
increased number of pixels causes a greater poWer consump 
tion due to the entire device being driven by several phases 
of clocks as in the case of the CCD. 

Recently, to address these problems, an amplifying type 
solid-state imaging apparatus has been proposed. This appa 
ratus includes a signal charge Which is generated in a pixel 
and is read by a scanning circuit, after the signal charge is 
ampli?ed in the pixel, Without being read in the pixel. In 
accordance With an amplifying type solid-state imaging 
apparatus, because the signal charge is ampli?ed, a limita 
tion of the signal charge amount to be read out is eliminated, 
thus leading to an advantage over the CCD in terms of the 
dynamic range. Furthermore, it is sufficient to drive only 
horiZontal and vertical line selection sWitches including 
signal readout pixels, and a voltage for When the driving is 
loW. Therefore, the poWer consumption is smaller than that 
of the CCD. 

In general, a transistor is used for amplifying a signal 
charge in a pixel, and the transistor is classi?ed into an SIT 
type, a bipolar type and a MOS type. 

With respect to the scanning circuit for the signal readout, 
the MOS type transistor is preferable because the structure 
of the MOS type transistor is simple and the production 
thereof is easy. When the MOS type transistor is used for 
amplifying a signal charge in the pixel, a monolithic appa 
ratus can be produced, thus leading to structural advantages. 
Furthermore, a single MOS transistor in a pixel is advanta 
geous for increasing the pixel density. 

This type of amplifying type solid-state imaging appara 
tus includes, for example, a TGMIS (TWin Gate MOS Image 
Sensor) type. One example thereof Was previously proposed 
by the-Applicant in Japanese Patent Application No. 
6-148330 (corresponding to the copending US. application 
Ser. No. 08/382,257). FIGS. 15A and 15B shoW the prior art 
pixel structure thereof, namely, the structure of the ampli 
fying type solid-state imaging device. 
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2 
As shoWn in prior art FIG. 15B, a ?rst gate electrode 2 and 

a second gate electrode 3 are formed on a p-type semicon 
ductor substrate 1 via an insulating ?lm. N-type Well layers 
4 are suitably spaced in a horiZontal direction on surface 
portions of the semiconductor substrate 1 and beloW the ?rst 
gate electrode 2. N+ diffused layers are suitably spaced on 
surface portions of the Well layers 4. One of the pairs of the 
n+ diffused layers constitutes a source 5 of a MOS type 
transistor using the ?rst gate electrode 2 as the gate thereof, 
and the other n+ diffused layer constitutes a drain 6. 

In the amplifying type solid-state imaging device having 
such a structure, incident light ho Which has penetrated the 
?rst gate electrode 2 generates electron-hole pairs by pho 
toelectric conversion, such that electrons drift to the drain 6. 
On the other hand, the holes are con?ned in a potential 
barrier formed in an intermediate region of the Well layer 4 
and a potential barrier beloW the second gate electrode 3, 
and stored at the semiconductor/insulating ?lm interface of 
the Well layer 4 so as to become signal chargers. 
The amount by Which the potential of the Well layer 4 is 

varied depends on the stored signal charge amount, Which is 
read out as an ampli?ed electric potential variation in the 
source 5, and used as an output signal. 

The release of the signal charge is readily achieved by 
loWering the potential barrier beloW the second gate elec 
trode 3 so that the signal charge drifts to the semiconductor 
substrate 1 along the path shoWn by the arroW in FIG. 15B. 
More speci?cally, the holes stored as the signal charges ?oW 
from the surface region of the Well layer 4 to the semicon 
ductor substrate 1, and thus the signal charges are reset. In 
the present speci?cation, the release of the once stored signal 
charges is referred to as ‘a reset operation’. 

Next, the operations during signal charge storage, signal 
readout and release of the signal charges Will be described 
in details With reference to FIGS. 16A, 16B and 16C. 
Herein, the right side of each of FIGS. 16A, 16B and 16C 
shoWs a depth direction potential distribution beloW the ?rst 
gate electrode 2, and the left side of each of FIGS. 16A, 16B 
and 16C shoWs a depth direction potential distribution beloW 
the second gate electrode 3. 

First, the operation during the signal charge storage Will 
be described With reference to FIG. 16A. 

A loW voltage VGA(L) is applied to the ?rst gate elec 
trode 2, and a medium voltage VGB(M) is applied to the 
second gate electrode 3. Thus, a potential barrier A<|>B of a 
predetermined value or more When against holes, is formed 
beloW the second gate electrode 3. The potential barrier 
prevents the holes from ?oWing from the semiconductor 
substrate 1 to the surface of the Well layer 4. The value of the 
potential barrier A<|>B is about ~0.5 V (i.e., a value loWer than 
and close to 0.5 V) in the case Where the semiconductor 
substrate 1 is silicon. The description beloW Will be limited 
to the case Where the substrate is silicon. 

The holes generated by photoelectric conversion are 
stored on the surface of the Well layer 4 as signal charges, 
and the potential distribution on the surface of the Well layer 
4 is raised from state (1) to state During the period When 
a difference A¢AB betWeen the surface potential of the Well 
layer 4 and the surface potential beloW the second gate 
electrode 3 is large (ie., A¢AB>0.5 V), the signal charges 
stay on the surface. HoWever, When the signal charges 
continue to be stored, the potential distribution is further 
raised and reaches the storage limitation state as shoWn in 
state In this storage limitation state, A¢AB is smaller 
than ~0.5 V, so that the stored holes jump the potential 
barrier beloW the second gate electrode 3 and How to the 
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semiconductor substrate 1. Thus, excess charge can 
over?ow, thereby making it possible to prevent blooming . 
Herein, the potential depth of the n-type Well layer in the 
state (2) is designated as A¢A(Sto). 

Next, the operation during signal readout Will be 
described With reference to FIG. 16B. 
A high voltage VGA(H) is applied to the ?rst gate 

electrode 2. Thus, a potential distribution beloW the ?rst gate 
electrode 2 is further raised. When there is no signal charge, 
the potential distribution is in the state When signals are 
being stored, the potential distribution is in the state (5), The 
potential depth of the n-type Well layer in the state (4) is 
designated as A¢A(Det). Herein, the value of VGA(H) is 
selected so as to satisfy an inequality A¢A(Det)>Aq)A(Sto). 
On the other hand, a high voltage VGB(H) is applied to 

the second gate electrode 3. Thus, a potential barrier higher 
than the surface potential of the Well layer 4 during the 
signal storage by A¢AB (>0.5 V) (in the state is formed 
beloW the second gate electrode 3. The high potential barrier 
prevents the signal storage charges from ?oWing from the 
surface of the Well layer 4 to the semiconductor substrate 1. 
When the value of VGA(H) is set so as to satisfy the 

requirement of A¢A(Det)>Aq)A(Sto), the signal readout of a 
selected pixel is only performed for the folloWing reason. 
Even if a source terminal VS (as shoWn in FIG. 15A) is 
connected to a plurality of common pixels, a VGA(H) is 
applied to a speci?c gate and VGA(L) is applied to other 
gates, and the inequality of A¢A(Det)>Aq)A(Sto) is satis?ed, 
the source electric potential to be detected is de?ned by the 
value of the source terminal corresponding to the VGA(H) 
gate. 

Next, the operation during reset Will be described With 
reference to FIG. 16C. 

A high voltage such as VGA(H) in the signal readout, is 
applied to the ?rst gate electrode 2, and a medium voltage, 
such as VGB(M) in signal storage, is applied to the second 
gate electrode 3. At this point, the potential beloW the second 
gate electrode 3 is a value (—A(|)AB) sufficiently loWer than 
the surface potential of the Well layer 4 When there is no 
signal charge (i.e, in the state (4)‘). For this reason, all signal 
charges, i.e., holes on the surface of the Well layer 4, pass 
beloW the second gate electrode 3 and are released to the 
semiconductor substrate 1. In other Words, a reset operation 
is performed. Thus, once image information is cleared, an 
operation of storing subsequent image information can be 
performed. Furthermore, When the reset operation is per 
formed in the middle of the period during optical integration, 
the image information prior thereto is cleared, and the 
information after that point is stored, Thus, a so-called 
‘shuttering operation’ can be performed. 

HoWever, in the TGMIS amplifying type solid-state imag 
ing apparatus having the structure shoWn in FIGS. 15A and 
15B, When a pixel area is reduced for the purpose of 
increasing pixel density, the folloWing problems arise. The 
problems Will be described With reference to FIGS. 17A and 
17B. FIG. 17A is a cross sectional vieW similar to FIG. 15B. 
FIG. 17B shoWs a depth direction potential distribution 
beloW the ?rst gate electrode 2 and a depth direction 
potential distribution beloW the second gate electrode 3 
during the reset operation. 

To increase the pixel density and reduce the pixel area, 
and to realiZe a further increase in the number of pixels and 
further compactness in the amplifying type solid-state imag 
ing device used in the above-mentioned TGMIS amplifying 
type solid-state imaging apparatus, it is necessary to further 
reduce the Width of the second gate electrode 3 and a space 
betWeen a source 5 Where an output signal is detected and a 
drain 6. 
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4 
HoWever, When the siZes thereof are reduced to some 

extent, a three-dimensional potential ridge 7 is formed in the 
path through Which the stored charges are released by an 
electric ?eld Which is generated by an electric potential 
applied to the source 5 and the drain 6. For this reason, even 
if the surface potential barrier beloW the second gate elec 
trode 3 is loWer than the surface potential beloW the ?rst gate 
electrode 2, as shoWn on the left side of the FIG. 17B, the 
potential ridge 7 is formed in the intermediate portion 
betWeen the surface of the bulk of the potential distribution 
beloW the second gate electrode 3 and the semiconductor 
substrate 1. Therefore, the holes Which are stored as signal 
charges cannot ?oW anyWhere. As a result, the stored signal 
charges cannot be completely released to the semiconductor 
substrate 1. 

In order to prevent the potential ridge 7 from being 
formed, When the electric potential of the source 5 and the 
drain 6 is set at 5 V, the Width of the second gate electrode 
3 can be set at, for example, 3.5 pm or more. HoWever, When 
the Width of the second gate electrode 3 is set at this, it is 
dif?cult to realiZe high pixel density and miniaturiZation of 
the apparatus. For this reason, according to the amplifying 
type solid-state imaging device having the structure shoWn 
in FIGS. 15A and 15B, the attempt for the high pixel density 
and miniaturiZation of the solid-state apparatus Was sub 
jected to some constraints. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention, an 
amplifying type solid-state imaging device for storing a 
signal charge Which is generated by light incident on a 
transistor formed on the surface of the semiconductor base 
in the vicinity of the surface of the semiconductor base in the 
transistor, and for outputting an electrical signal change in 
accordance With the stored signal charge, the device 
includes: a transistor including a ?rst gate region including 
a portion in the vicinity of the semiconductor base surface 
Where the signal charge is stored and a ?rst gate electrode 
formed on the semiconductor base surface, and a source and 
a drain Which are formed of impurity layers of a higher 
concentration than the semiconductor base concentration on 
the semiconductor base surface; and a charge release portion 
including a second gate region including the portion in the 
vicinity of the semiconductor base surf ace a part of Which 
is adjacent to the ?rst gate region, and a second gate 
electrode formed via an insulating ?lm on the semiconductor 
base surface, a part of Which is adjacent to the ?rst gate 
electrode, and a drain for charge discharge formed of an 
impurity layer of a higher concentration than the semicon 
ductor base concentration in a portion having a predeter 
mined distance along the direction of the semiconductor 
base surface, from a portion adjacent to the ?rst gate 
electrode and the second gate electrode on the semiconduc 
tor base surface, Wherein the stored signal charge is released 
to the drain for charge discharage of the charge release 
portion. 

In one embodiment of the invention, the semiconductor 
base includes a semiconductor substrate having a ?rst con 
ductivity and a semiconductor Well layer having a second 
conductivity formed on a part of the surface of the semi 
conductor substrate having the ?rst conductivity. The source 
and the drain having the second conductivity are formed of 
the impurity layers of a higher concentration than the 
semiconductor Well layer having the second conductivity 
Within the semiconductor Well layer having the second 
conductivity. The ?rst gate electrode is formed betWeen the 
source and the drain on the semiconductor Well layer having 


























